Plain-language summary
======================

A wide range of medications is available for type-2 diabetes mellitus (T2DM), each of which is associated with different benefits, risks, and burden to the patient. It is very important that patients are involved in treatment decisions, as this can influence how likely they are to continue taking a medication, which in turn can affect treatment success. GLP1 receptor agonists (RAs) are injectable medications that are effective in lowering blood glucose in patients with T2DM. Understanding which attributes of GLP1 RA treatment are most important to patients with respect to how the medication is taken and outcomes of treatment (eg, how effectively they lower blood glucose and any side effects) may help health care professionals and patients to decide on the best medication for an individual. This review article identifies and describes studies that have used stated-preference research methods to determine patient preferences for treatment attributes associated with GLP1 RAs. No single aspect of GLP1 RA treatment was found to be most important to patients with T2DM. However, patterns emerged that suggested patients favored GLP1 RA profiles that were associated with less frequent dosing (eg, once weekly versus once daily), were more effective at reducing blood glucose, and had fewer side effects, such as nausea, hypoglycemia (low blood sugar), or weight gain. In addition, several studies reported that the more injection inconvenience associated with a GLP1 RA profile (eg, mixing, waiting for the injection to be ready, and needle handling), the lower the patient preference.

Introduction
============

Type 2 diabetes mellitus (T2DM) is a chronic and progressive disease, which if poorly controlled can result in serious health risks.[@b1-ppa-13-561] Given its chronic nature and the potential severity of complications, the important role of patient-centeredness in the care of individuals with T2DM is now well accepted.[@b2-ppa-13-561] Recent consensus recommendations from the American Diabetes Association (ADA) and European Association for the Study of Diabetes (EASD) highlight the importance of providing patient-centered care that respects individual patient preference and barriers, in order to manage T2DM effectively.[@b3-ppa-13-561] Indeed, these recommendations note that patient preference is a "major factor driving the choice of medication." Therefore, considering the specific factors that impact choice of treatment is one key aspect of patient-centered care and seeking patient preferences is integral to shared decision-making in T2DM management.[@b3-ppa-13-561] The National Institute of Health and Care Excellence in the UK also states that in T2DM management, "treatment and care should take into account individual needs and preferences. Patients should have the opportunity to make informed decisions about their care and treatment, in partnership with their healthcare professionals."[@b4-ppa-13-561] T2DM is a highly preference-sensitive disease because of the number of available treatment options, each of which is associated with different benefits, risks, and burdens.[@b2-ppa-13-561]

Elicitation of patient preferences provides the bridge toward individualized, patient-centered care, as recommended by professional bodies.[@b3-ppa-13-561] A better understanding of patient preferences for T2DM therapy and the factors influencing these may potentially result in more appropriate treatment decisions for the individual,[@b3-ppa-13-561] which in theory could improve patient satisfaction and medication adherence.[@b5-ppa-13-561],[@b6-ppa-13-561] For example, it has been demonstrated that patients with T2DM prefer less frequent daily dosing and that this may improve adherence to treatment with oral antihyperglycemic drugs.[@b7-ppa-13-561] With better adherence may come improved glycemic control and better clinical and economic outcomes.[@b8-ppa-13-561],[@b9-ppa-13-561]

Formal preference assessments allow the evaluation and quantification of the importance that patients place on specific treatment attributes of existing therapies, as well as assessing preferences for hypothetical products.[@b6-ppa-13-561] Preference-elicitation methods can be divided into "revealed" or "stated" methods.[@b10-ppa-13-561] Revealed preferences rely on observed data related to an individual's actual behavior and indicate patient choices under clinical conditions, but provide little information on why they make these choices.[@b6-ppa-13-561] Stated preferences are determined from surveys allowing experimental control over choice alternatives, making it possible to estimate the relative importance (RI) of different factors in the study design.[@b6-ppa-13-561] Methods for stated-preference elicitation include contingent valuation and conjoint analysis. In contingent-valuation approaches, participants are offered a hypothetical treatment with specified features at a stated cost and asked whether they would pay that cost.[@b6-ppa-13-561] Alternatively, ranking, rating, or choice designs are used in conjoint analysis to quantify preferences for various attributes of an intervention.[@b10-ppa-13-561] Approaches include discrete-choice experiments (DCEs), in which participants are asked to select their preferred option from different sets of hypothetical medication choices containing various attributes, each described by a number of variations or levels.

Another preference method commonly used is health state-utility assessment, in which choice-based tasks can be completed by study participants to indicate preferences for their current health or descriptions of hypothetical health states.[@b11-ppa-13-561] These methods include time trade-off (TTO) or standard-gamble evaluations, which yield utility values representing the strength of preferences for the valued health states. Quantification of the impact of treatment attributes on utility can be incorporated into cost-utility assessments that are used to inform decisions on health care-resource allocation.[@b11-ppa-13-561],[@b12-ppa-13-561]

Patients with T2DM move through a treatment continuum to improve glycemic control as their disease progresses. Use of metformin and lifestyle modification are recommended as first-line therapy, while second-line dual therapy recommends the addition of a second oral agent or injectable agent, primarily a GLP1-receptor agonist (RA), as first injectable therapy.[@b3-ppa-13-561],[@b13-ppa-13-561] GLP1 RAs have consistently demonstrated good efficacy and tolerability in patients with T2DM, with minimal risk of hypoglycemia and modest weight loss.[@b14-ppa-13-561] There are, however, important differences between available GLP1 RAs with respect to key attributes, such as dosing regimen and injection process.[@b12-ppa-13-561],[@b15-ppa-13-561] Given the importance of patient-focused care, the aim of this literature review was to identify and describe studies that have compared preferences based on treatment attributes between different GLP1 RA profiles or between GLP1 RA and insulin profiles, in patients with T2DM.

Methods
=======

This literature review aimed to identify and describe studies that compared patient preferences based on treatment attributes between one GLP1 RA profile versus another or between a GLP1 RA profile versus insulin. GLP1 RAs and insulin were included because they represent the only two injectable therapies for T2DM. Attributes that characterize a health care intervention can be categorized as: process attributes, including those related to mode of administration, dose frequency, and waiting times; outcome attributes, including efficacy and adverse events (AEs); and cost attributes.[@b16-ppa-13-561] Cost attributes of a given medication vary from country to country, and may complicate preference assessment when comparing across regions. This review aimed to evaluate patient preferences independently of varying cost influences, and so cost was not considered a treatment attribute in this search.

The review was conducted according to a robust and reproducible protocol that outlined the review focus with respect to study population, treatment type, and preference study design, and provided details of the search approach and data extraction. Development of this protocol minimized any author bias, ensured transparency and accountability, and increased the chances of correct data extraction.

Study-selection criteria
------------------------

Studies were included if they were English-language journal articles published from 2005 (launch of the first GLP1 RA to the market) to April 2018 describing primary research in patients with T2DM or the general population that evaluated preferences for process and/or outcome attributes of GLP1 RAs and compared preferences for these attributes among GLP1 RAs (albiglutide, dulaglutide, exenatide, liraglutide, lixisenatide, and semaglutide), between GLP1 RAs and insulin fixed-ratio combinations (IDegLira and iGlarLixi), or between GLP1 RAs and insulin. The review included the stated-preference and utility-assessment methods outlined in a literature review by Stewart et al.[@b11-ppa-13-561] At least one of contingent valuation, conjoint analysis (including DCE, willingness to pay \[WTP\], or Max-Diff), rating-based approaches (of specific attributes), standard gamble, or TTO had to have been used in the study.

Studies excluded were those that were not specifically on T2DM or the general population, that elicited preferences of a family member or caregiver, that used revealed preference methods, or that compared drug A versus drug B without explicit valuation of different process or outcome attributes. Reviews, discussion papers, letters, and editorials were also excluded, as were studies published before 2005 or congress abstracts published prior to the most recent meeting. All studies of relevance were included, and exclusions were not made based on any assessment of study quality.

Information sources
-------------------

MEDLINE, Embase, PsycINFO, Cochrane Controlled Register of Trials, the Health Technology Assessment database, and the NHS Economic Evaluation Database were searched. To identify any relevant studies that perhaps were not yet fully published, abstract books of the following congresses were also searched: International Society for Pharmacoeconomics and Outcomes Research (ISPOR) international meeting 2017, European meeting 2017, Asia--Pacific meeting 2016, Latin-American meeting 2017, International Society for Quality of Life Research 2017, International Diabetes Federation 2017, European Association for the Study of Diabetes 2017, and ADA 2017.

Search strategy
---------------

The main structure of the draft strategy comprised a combination of two concepts: GLP1 RA and patient preference. Search concepts were captured using subject headings and text-word searches in title, abstract, keyword-heading word fields, CAS registry/EC number, and name of substance fields. The strategy excluded animal studies, using a standard algorithm. A base-case strategy was developed for MEDLINE and adapted for the other databases ([Box S1](#SD1-ppa-13-561){ref-type="supplementary-material"}). The search syntax used for this review was developed to target records most relevant to the research question. Search terms for patient preference were restricted, and focused on identifying records that explicitly referred to the term "preference" or that explicitly referred to the main terms for the specific patient-preference methods of interest. Authors of relevant abstracts identified through hand-searching recent congresses were contacted by email to ascertain whether they had any manuscripts containing these data that were in press. Where this were the case, abstract data were replaced with information from the manuscripts.

Study identification and selection
----------------------------------

Study identification was done by two independent researchers: titles and abstracts were screened for relevance to the research questions, and any studies meeting or potentially meeting eligibility criteria were selected for further full-text review. Studies considered ineligible after review of the full text were assigned an exclusion code ([Figure 1](#f1-ppa-13-561){ref-type="fig"}). Disagreements among the study team on selection of records at any stage in the review process were resolved by discussion until consensus was met.

After selection for inclusion, study characteristics were examined and summarized in data-extraction tables. Variables captured for each record were study-participant characteristics, comparator drugs, preference-assessment method, study design and conduct, attribute selection and levels, RI of attributes and direction of preferences, direct preference for profiles representing comparator agents, subgroup analyses, and other findings of relevance.

Results
=======

Search results
--------------

[Figure 1](#f1-ppa-13-561){ref-type="fig"} provides an overview of study selection. Database searching identified 588 records after deduplication. Following title/abstract screening, 574 records were excluded. A hand search of recent congresses identified four relevant abstracts, such that 18 records were reviewed for eligibility. Seven records were excluded ([Figure 1](#f1-ppa-13-561){ref-type="fig"}). As already described, congress-abstract authors were subsequently contacted regarding potential manuscripts, and two were identified. One of these included data from two of the congress abstracts identified by the hand search.[@b17-ppa-13-561] A total of ten records were thus finally included in the review (eight fully published studies at the time of the search, one fully published postsearch, and one ePub in advance of print; [Figure 1](#f1-ppa-13-561){ref-type="fig"}).

Of the ten records included, eight studies had compared patient preferences between different GLP1 RA-attribute profiles,[@b12-ppa-13-561],[@b15-ppa-13-561],[@b18-ppa-13-561]--[@b23-ppa-13-561] one had compared a GLP1 RA versus insulin-glargine profile,[@b17-ppa-13-561] and one compared patient preference among GLP1 RA profiles and between a GLP1 RA versus insulin-glargine profile.[@b24-ppa-13-561] Results for GLP1 RA versus GLP1 RA-attribute comparisons and GLP1 RA versus insulin glargine-attribute comparisons are summarized separately.

Study characteristics
---------------------

An overview of study characteristics is provided in [Table 1](#t1-ppa-13-561){ref-type="table"} for studies comparing the attributes of different GLP1 RAs and in [Table 2](#t2-ppa-13-561){ref-type="table"} for those comparing attributes of a GLP1 RA versus insulin glargine. Studies were conducted across numerous countries, including the UK (n=3), US (n=2), Italy, Japan, and Sweden (n=1 each). Two studies were multinational. DCEs were employed for preference elicitation in six studies,[@b15-ppa-13-561],[@b17-ppa-13-561]--[@b20-ppa-13-561],[@b23-ppa-13-561] two studies used TTO,[@b12-ppa-13-561],[@b21-ppa-13-561] one reported a DCE with WTP,[@b24-ppa-13-561] and one study used both TTO and DCE.[@b22-ppa-13-561] Sample sizes ranged from 182 to 1,482 participants, and all studies included adults with T2DM. Four studies included injectable-naïve patients only,^15,17--19,^ one injectable-experienced patients only,[@b23-ppa-13-561] and four both injectable-naïve and -experienced.[@b12-ppa-13-561],[@b20-ppa-13-561]--[@b22-ppa-13-561] Injection experience was not reported in one study.[@b24-ppa-13-561]

Attributes explored
-------------------

Across the ten studies, a total of 19 treatment attributes were evaluated: ten process attributes (52.6%) and nine outcome attributes (47.4%). [Figure 2](#f2-ppa-13-561){ref-type="fig"} shows the frequency of individual attribute evaluations across studies. The most commonly evaluated process attribute was dose frequency (eight studies), while the most commonly evaluated outcome attribute was change in glycated hemoglobin (HbA~lc~; efficacy, seven studies) ([Figure 2](#f2-ppa-13-561){ref-type="fig"}).

Comparison among attributes of GLP1 RAs
---------------------------------------

Nine studies -- six DCEs, two TTO evaluations, and one DCE with WTP analysis -- described comparisons among GLP1 RA profiles.

### DCE approach: attribute level

An overview of the main findings from the six DCEs is provided in [Table 3](#t3-ppa-13-561){ref-type="table"}. Dose frequency had the highest RI of attributes in three of the six studies ([Table 4](#t4-ppa-13-561){ref-type="table"}).[@b18-ppa-13-561]--[@b20-ppa-13-561] In the remaining DCEs, dose frequency was rated an important attribute, but less than change in HbA~lc~ or AE profile ([Tables 3](#t3-ppa-13-561){ref-type="table"} and [4](#t4-ppa-13-561){ref-type="table"}).[@b15-ppa-13-561],[@b22-ppa-13-561],[@b23-ppa-13-561] In all studies, patients preferred GLP1 RA profiles associated with less frequent dosing (ie, once weekly preferred versus once daily, which itself was preferred over twice daily; [Table 3](#t3-ppa-13-561){ref-type="table"}). One study demonstrated that all other process attributes became less important to patients when dosing was once weekly compared with once daily.[@b20-ppa-13-561]

Type of delivery device was ranked the second-most important attribute in a UK and a Japanese DCE: injectable-naïve patients with T2DM preferred a single-use pen to a multidose prefilled pen ([Table 4](#t4-ppa-13-561){ref-type="table"}).[@b18-ppa-13-561],[@b19-ppa-13-561] However, in other studies among injectable-naïve patients, this was not the case, with type of device being rated less important in both a multinational DCE and a US DCE ([Table 4](#t4-ppa-13-561){ref-type="table"}).[@b15-ppa-13-561],[@b20-ppa-13-561] In studies including injectable-experienced patients, type of device was also less important than many other process and outcome attributes,[@b20-ppa-13-561],[@b23-ppa-13-561] although in one study it was suggested by the authors that preference for this attribute may vary depending on the current injectable medication used by the individual.[@b20-ppa-13-561]

Three studies examined needle size as a process attribute, with variable results reported. Needle size was a significant predictor of device choice in both injectable-naïve and injectable-experienced patient subgroups in the US study by Hauber et al,[@b20-ppa-13-561] with individuals preferring the switch from a longer/thicker to a shorter/thinner needle (*P*\<0.05, [Tables 3](#t3-ppa-13-561){ref-type="table"} and [4](#t4-ppa-13-561){ref-type="table"}). However, needle size was rated as being of little importance among injectable-naïve and injectable-experienced patients in a multinational DCE.[@b15-ppa-13-561],[@b23-ppa-13-561]

Differences in the RI of GLP1 RA-process attributes of injection preparation and need for titration were noted, depending on a patient's experience with injections. In injectable-naïve patients included in a multinational DCE, injection preparation was not an important driver of preference,[@b15-ppa-13-561] while in injectable-experienced patients completing the same survey, it was much more important, with patients preferring a GLP1 RA profile associated with a multidose pen or auto-injector compared with vial and syringe (*P*\<0.001, [Tables 3](#t3-ppa-13-561){ref-type="table"} and [4](#t4-ppa-13-561){ref-type="table"}).[@b23-ppa-13-561] The opposite was true of the need for titration, which was not a significant predictor of preference in experienced patients, but was more important in the injectable-naïve (*P*\<0.05).[@b15-ppa-13-561],[@b23-ppa-13-561] Five studies examined outcome attributes, with change in HbA~lc~ and AE profile generally rated as the most important across studies ([Tables 3](#t3-ppa-13-561){ref-type="table"} and [4](#t4-ppa-13-561){ref-type="table"}).

### DCE approach: treatment level

All the DCEs identified included direct preference elicitation for medication profiles representing a GLP1 RA ([Figure 3](#f3-ppa-13-561){ref-type="fig"}). In injectable-naïve patients with T2DM, preferences were for the medication profile associated with the lowest dose frequency.[@b15-ppa-13-561],[@b18-ppa-13-561]--[@b20-ppa-13-561] For example, patients preferred the profile representing dulaglutide once weekly over liraglutide once daily in the UK and Japanese studies by Gelhorn et al[@b18-ppa-13-561],[@b19-ppa-13-561] ([Figure 3A](#f3-ppa-13-561){ref-type="fig"}). Similarly, Qin et al[@b15-ppa-13-561] and Hauber et al[@b20-ppa-13-561] demonstrated that injectable-naïve patients preferred the medication profile representing exenatide once weekly over the liraglutide once-daily profile ([Figure 3B](#f3-ppa-13-561){ref-type="fig"}). This was even the case when liraglutide efficacy was assumed to be greater than exenatide.[@b15-ppa-13-561] Less frequent dosing was also preferred in a population of patients with mixed injectable experience, with once-daily liraglutide being preferred over exenatide twice daily ([Figure 3C](#f3-ppa-13-561){ref-type="fig"}).[@b22-ppa-13-561] However, findings also indicated that current device type may influence preferences for treatment ([Figure 3B](#f3-ppa-13-561){ref-type="fig"}).[@b20-ppa-13-561]

### DCE-with-WTP approach

A single study evaluated preference of patients with T2DM for liraglutide once daily compared with other glucose-lowering drugs, including exenatide twice daily and insulin glargine, using a DCE-with-WTP approach ([Table 3](#t3-ppa-13-561){ref-type="table"}).[@b24-ppa-13-561] WTP for liraglutide versus exenatide was reported for seven treatment attributes ([Table 3](#t3-ppa-13-561){ref-type="table"}). Across all attributes, patients were prepared to pay an extra €0.81/day for a medication profile approximating liraglutide (1.2 mg once daily) versus exenatide (10 μg twice daily).[@b24-ppa-13-561] The main component driving the preference for liraglutide was the dosing schedule: once a day and not limited to mealtimes.

### TTO approach

Three studies used a TTO approach.[@b12-ppa-13-561],[@b21-ppa-13-561],[@b22-ppa-13-561] In the earliest of these, patients with T2DM were presented with a pair of product profiles representing liraglutide once daily and exenatide twice daily.[@b22-ppa-13-561] Overall, 96% of respondents preferred the medication profile representing liraglutide. Mean TTO scores for each hypothetical product profile were 0.978 (95% CI 0.964--0.989) for the liraglutide versus 0.94 (95% CI 0.923--0.955) for the exenatide profile, giving a mean difference in TTO score of 0.038 (*P*\<0.05). This difference was driven by the additional utility gained for the liraglutide profile across different attributes: utility differences were 0.016 for change in HbA~lc~, 0.011 for incidence of nausea, 0.006 for incidence of hypoglycemia, and 0.005 for dosing schedule (frequency and timing regarding mealtimes). Significantly more patients indicated that they would prefer to live fewer years than take the medication profile representing exenatide twice daily compared with liraglutide (22% versus 7%, *P*\<0.05).[@b22-ppa-13-561]

Two similar TTO studies conducted in the UK and Italy involved the development of seven health states with identical descriptions of T2DM, but which were associated with different treatment process.[@b12-ppa-13-561],[@b21-ppa-13-561] The first health state described oral-only treatment, and the remaining six described oral treatment plus a weekly injection. Injection health states varied in three aspects -- requirement for reconstitution, waiting during preparation, and needle handling -- that were selected as likely to distinguish between three once-weekly GLP1 RAs (albiglutide, dulaglutide, and exenatide). Health states with more administration steps were typically ranked less preferably in both UK and Italian study populations.[@b12-ppa-13-561],[@b21-ppa-13-561] Utility scores followed the rank order of preference, with greater number of administration steps associated with lower utility ([Table 5](#t5-ppa-13-561){ref-type="table"}). For example, lowest utility values were determined for the health state including all injection inconveniences (approximating the profile for the albiglutide device), while the highest were observed for the injection health state with no inconveniences (representing the profile for the dulaglutide device).[@b12-ppa-13-561],[@b21-ppa-13-561]

Comparison between attributes of GLP1 RA therapy and insulin glargine
---------------------------------------------------------------------

Two studies (one DCE and one DCE with WTP) compared patient preferences for treatment features of a GLP1 RA versus those of insulin glargine.[@b17-ppa-13-561],[@b24-ppa-13-561]

### DCE approach

In a DCE evaluating dulaglutide (1.5 mg) compared with insulin glargine (SoloStar) in injectable-naïve patients, attributes with the highest RI values were type of delivery system and frequency of nausea ([Table 6](#t6-ppa-13-561){ref-type="table"}).[@b17-ppa-13-561] No single attribute appeared clearly to drive patient preferences. Direct comparison of medication profiles for dulaglutide and insulin glargine revealed that 75% (n=174) of patients preferred the dulaglutide profile compared with 25% (n=58) who preferred the insulin-glargine profile (*P*\<0.0001).[@b17-ppa-13-561] Among patients preferring dulaglutide, the two most important medication attributes were type of delivery system (RI 24.5%) and dose frequency (RI 19.2%).

### DCE-with-WTP approach

Findings from a DCE-with-WTP study indicated that patients with T2DM were willing to pay more for the liraglutide once-daily profile than for the insulin-glargine profile ([Table 6](#t6-ppa-13-561){ref-type="table"}).[@b24-ppa-13-561] Overall, patients with T2DM were willing to pay an extra €3.36/day for liraglutide (1.2 mg) compared with insulin glargine (average 24 IU once daily).[@b24-ppa-13-561] The largest component driving WTP compared with insulin glargine was weight loss (€2.35/day).

Discussion
==========

The current review identified several studies that used stated preference or health state-valuation methods to compare patient preference based on process and outcome attributes among GLP1 RAs or a GLP1 RA versus insulin. Across studies, the most important attributes driving patient preferences were dose frequency, delivery device, change in HbA~lc~, and attributes related to frequency of AEs ([Table 4](#t4-ppa-13-561){ref-type="table"}). These are consistent with the GLP1 RA attributes identified as most important in a multinational qualitative study among injectable-naïve and GLP1 RA injectable-experienced patients.[@b25-ppa-13-561] The current review found that in DCEs, patients preferred medication profiles that involved once-weekly rather than once-daily dosing, were delivered via a single-use pen, and were associated with a greater improvement in glycemic control, less weight gain, and fewer AEs.[@b15-ppa-13-561],[@b17-ppa-13-561]--[@b20-ppa-13-561],[@b22-ppa-13-561]--[@b24-ppa-13-561] In TTO evaluations, GLP1 RA profiles with fewer injection inconveniences were favored.[@b12-ppa-13-561],[@b21-ppa-13-561]

While the findings of the review help us to understand patient preferences for GLP1 RAs better, they have wider implications and provide information useful in the management of T2DM in general. The consideration of patient preferences is critical for the individualization of treatment goals and strategies, and an understanding of the specific factors that impact choice of treatment such as HbA~lc~ target, impact on weight, medication AE profiles, and regimen complexity, are key components in the delivery of patient-centered care.[@b3-ppa-13-561]

Despite the emergence of general patterns across the studies included, cross-study comparisons are difficult, should be viewed with caution, and results interpreted within the context of each individual analysis.[@b11-ppa-13-561] Across studies, attribute selection and levels, patient populations, geography, and methods varied considerably. To address such inconsistencies, a checklist for good research practice has been developed by an ISPOR task force that provides guidance on method development for conjoint analysis in health care settings.[@b10-ppa-13-561]

Variability in attribute levels and the way in which specific attributes are described across studies can potentially affect participant responses and data interpretation, thereby introducing bias into the results.[@b16-ppa-13-561] Patients may place greater importance on those attributes characterized as more severe, more frequent, or that differentiate more clearly between medication profiles.[@b16-ppa-13-561],[@b17-ppa-13-561],[@b25-ppa-13-561] This is demonstrated across some of the studies reviewed herein, eg, where the influence of efficacy to drive patient preference varied was most likely due to the different levels chosen to describe change in HbA~lc~.[@b15-ppa-13-561],[@b18-ppa-13-561],[@b19-ppa-13-561] Using head-to-head data in DCEs may increase the likelihood that attribute levels reflect genuine observed differences between medications in the population of interest.[@b18-ppa-13-561],[@b19-ppa-13-561] It should also be noted that previous injection experience appears to influence patient preferences, and there are indications that preferences for GLP1 RA attributes may vary depending on current treatment.[@b15-ppa-13-561],[@b23-ppa-13-561] Injectable-naïve patients may provide the most relevant findings regarding preference, and so could be a better population in which to demonstrate the true value of GLP1 RA attributes, since their opinions have not been influenced by any previous good or bad experiences with injectable medications.[@b15-ppa-13-561],[@b20-ppa-13-561]

Patient responses may also vary according to how a preference task is administered. Face-to-face interviews[@b12-ppa-13-561],[@b17-ppa-13-561]--[@b19-ppa-13-561],[@b21-ppa-13-561] and online questionnaires[@b15-ppa-13-561],[@b20-ppa-13-561],[@b22-ppa-13-561]--[@b24-ppa-13-561] were employed in included studies. As indicated by the ISPOR taskforce, data quality in conjoint analysis may be improved by interviewer-led administration, because the interviewer can sense when a participant requires more explanation, explain the requirements of the task more fully, and answer questions without influencing the respondent.[@b10-ppa-13-561]

Findings from the included studies are largely consistent with previously published patient-preference evaluations. For example, using a standard-gamble approach, Boye et al[@b26-ppa-13-561] evaluated the utility and disutility of three injection-related attributes of aspecific T2DM therapies (dose frequency, dose flexibility, and injection-site reaction) and reported that higher utility was associated with health states that included once-weekly dosing, flexible dosing, and no injection-site reactions.[@b26-ppa-13-561] The most important attribute to patients was weekly dosing (average added utility of 0.023 versus once-daily dosing). Although excluded from our review because it was not an English-language publication, a conjoint analysis by Otto et al[@b27-ppa-13-561] in German patients with T2DM switching from oral therapy to injectable treatment also demonstrated that a minimum number of injections was the most important attribute compared with low rate of hypoglycemia and weight loss (RI 33.1% versus 15% and 10%, respectively).

Patient preferences and perceptions of treatment-process attributes associated with GLP1 RAs have also been evaluated in real-world settings, and specific instruments have been developed to elicit preferences in this scenario. For example, the ten-item Diabetes Injection Device Experience Questionnaire and the Diabetes Injection Device Preference Questionnaire have been shown to distinguish patient preferences between different GLP1 RA devices with respect to ease of use, satisfaction, and convenience.[@b28-ppa-13-561]

The current review is subject to several limitations. Although conducted according to a robust and reproducible protocol, it must be considered a pragmatic rather than a systematic review, and we cannot rule out that other studies relevant to the research question may have been published. In addition, it can be challenging to capture patient-preference studies robustly in literature searches, since a wide range of definitions and terms for the concept are used by researchers in their abstracts, these terms are used inconsistently, and some studies fail to refer explicitly to the method of preference elicitation in the abstract. An assessment of the quality of studies included was not attempted, as there are no standard methods to assess quality or risk of bias in preference studies.[@b29-ppa-13-561] A quality checklist specific to conjoint analysis has been developed (PREFS), which focuses on purpose, respondents, explanation, findings, and significance,[@b29-ppa-13-561] but its application was inappropriate, because the scope of our review went beyond conjoint analysis. However, most DCEs included herein would likely score relatively highly on this quality checklist.

Other limitations arise from the content of the publications that were included in the review. Issues of inconsistent study methods and differing populations, attributes, and attribute levels have been discussed, but it is also unclear how the preferences elicited in these studies actually reflect real-life treatment decisions, because other parameters may have an influence.[@b18-ppa-13-561],[@b20-ppa-13-561] In addition, preferences are gained based on a patient's interpretation of hypothetical medication profiles or health states, rather than on personal experience.[@b21-ppa-13-561] Generalizability of the study populations to the wider T2DM population may also be limited, since in some cases participants were recruited via advertisements and online. It is important to note that the evidence base is limited: we identified only ten studies meeting our strict eligibility criteria, and not all available GLP1 RAs were covered by the evidence. More studies of robust design are needed to facilitate our understanding of patient preferences for GLP1 RAs, and future studies should seek to extend our knowledge regarding important GLP1 RA attributes to other agents, such as lixisenatide and once-weekly semaglutide.

Conclusion
==========

The findings from this review indicate that both process and outcome attributes are important drivers of patient preference for GLP1 RAs. In general, patients prefer a medication profile that is dosed less often, requires minimal injection preparation, and is associated with improved glycemic control and fewer AEs. No single attribute predicted preference across studies, but it appears that when differences between treatments with respect to efficacy and safety are small, such process attributes as dose frequency and type of device gain value in the eyes of patients. As such, even when clinical trial evidence suggests that a given medication should be beneficial, patient preferences with respect to process or outcome attributes may preclude or limit its use.[@b3-ppa-13-561] Consideration of patient preference is thus important for informing the process of individualizing treatment goals and strategies in T2DM management, as acknowledged by recent consensus guidelines from the ADA/EASD.[@b3-ppa-13-561] Results from studies employing preference-based approaches -- like those reviewed herein, which include specific medication comparisons -- thus have the potential to facilitate clinical decision-making and align patient preferences with patient care, which could result in improved medication adherence and better clinical and economic outcomes.

Supplementary material
======================

###### 

MEDLINE search strategy

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1 Glucagon-Like Peptide-1 Receptor/(2091)
  2 Glucagon-Like Peptide 1/(6642)
  3 Glucagon-Like Peptides/(1313)
  4 Receptors, Glucagon/(2281)
  5 ((glucagon-like peptide-1 or glucagon-like peptide1 or glp-1 or glp1) adj5 (agonist\$1 or analogue\$1 or stimulating agent\$1)).ti,ab,kf,rn,nm. (3626)
  6 ((glucagon-like peptide-1r or glucagon-like peptide1r or glp-1r or glp1r) adj5 (agonist\$1 or analogue\$1 or stimulating agent\$1)). ti,ab,kf,rn,nm. (426)
  7 (glp-1-ra or glp1-ra or glp-1ra or glp1ra or glp-1-ras or glp1-ras or glp-1ras or glp1ras).ti,ab,kf,rn,nm. (394)
  8 incretin mimetic\$1.ti,ab,kf,rn,nm. (324)
  9 exenatide\$.ti,ab,kf,rn,nm. (2693)
  10 (ac-2993\$2 or ac-2993a\$2 or ac002993\$2 or ac-002993\$2 or ac2993\$2 or ac2993a\$2 or ac-2993lar\$2 or bydureon\$ or byetta\$ or da-3091\$2 or ex4 peptide\$2 or exendin\$2 or itca-650\$2 or ly-2148568\$2 or ly2148568\$2).ti,ab,kf,rn,nm. (1801)
  11 (141732-76-5 or 141758-74-9 or 9p1872d4ol).ti,ab,kf,rn,nm. (2048)
  12 Liraglutide/(1130)
  13 liraglutide\$.ti,ab,kf,rn,nm. (1987)
  14 (ideglira\$2 or nn-2211\$2 or nn-9068\$2 or nn2211\$2 or nn9068\$2 or nn9924\$2 or nn-9924\$2 or nnc-90-1170\$2 or nnc90-1170\$2 or saxenda\$2 or victoza\$2 or xultophy\$2).ti,ab,kf,rn,nm. (152)
  15 (204656-20-2 or 839I73S42A).ti,ab,kf,rn,nm. (1130)
  16 lixisenatide\$.ti,ab,kf,rn,nm. (296)
  17 (adlyxin\$2 or aqve-10010\$2 or aqve10010\$2 or ave-0010\$2 or ave0010\$2 or ave-010\$2 or ave010\$2 or hoe 901\$2 or hoe901\$2 or iglarlixi\$2 or lantus\$2 or lixilan\$2 or lyxumia\$2 or soliqua\$2 or suliqua\$2 or zp-10\$2 or zp10\$2).ti,ab,kf,rn,nm. (243)
  18 (320367-13-3 or 74O62BB01U).ti,ab,kf,rn,nm. (118)
  19 albiglutide\$.ti,ab,kf,rn,nm. (140)
  20 (albugon\$2 or albumin glp 1 or albumin glucagon like peptide 1 or eperzan\$2 or glp 1 albumin or glucagon like peptide 1 albumin or gsk-716155\$2 or gsk716155\$2 or gsk-716155a\$2 or gsk716155a\$2 or naliglutide\$2 or syncria\$2 or tanzeum\$2).ti,ab,kf,rn,nm. (16)
  21 (782500-75-8 or 5E7U48495E).ti,ab,kf,rn,nm. (66)
  22 dulaglutide\$.ti,ab,kf,rn,nm. (184)
  23 (ly2189265\$2 or ly-2189265\$2 or trulicity\$2).ti,ab,kf,rn,nm. (21)
  24 (923950-08-7 or WTT295HSY5).ti,ab,kf,rn,nm. (90)
  25 semaglutide\$.ti,ab,kf,rn,nm. (120)
  26 (nn9535\$2 or nn-9535\$2 or nnc-0113-0217\$2 or ozempic\$2).ti,ab,kf,rn,nm. (4)
  27 (910463-68-2 or 53AXN4NNHX).ti,ab,kf,rn,nm. (19)
  28 or/1-27 (12783)
  29 Patient Preference/(5997)
  30 prefer\$.ti,ab,kf. (391979)
  31 Choice Behavior/(28476)
  32 discrete choice\$.ti,ab,kf. (1454)
  33 choice experiment\$1.ti,ab,kf. (2127)
  34 (dce or dces).ti,ab,kf. (4638)
  35 discrete rank\$.ti,ab,kf. (3)
  36 standard gamble\$.ti,ab,kf. (785)
  37 sg.ti,ab,kf. (8212)
  38 time trade off.ti,ab,kf. (1015)
  39 tto.ti,ab,kf. (882)
  40 willing\$.ti,ab,kf. (33298)
  41 (wtp or wta or wtt).ti,ab,kf. (1710)
  42 conjoint.ti,ab,kf. (2374)
  43 contingent valuation\$1.ti,ab,kf. (606)
  44 (multi-criteria decision\$ or multiple-criteria decision\$).ti,ab,kf. (562)
  45 (mcda or mcdm).ti,ab,kf. (509)
  46 (maxdiff or max diff).ti,ab,kf. (18)
  47 maximum differential\$.ti,ab,kf. (36)
  48 ((best\$ or worst) adj2 (scaling or scale or scales)).ti,ab,kf. (670)
  49 (utility or utilities or hsuv or hsuvs).ti,ab,kf. (169818)
  50 or/29-49 (622370)
  51 28 and 50 (426)
  52 exp animals/not humans/(4430952)
  53 51 not 52 (310)
  54 limit 53 to (english language and yr="2005-Current") (286)
  55 remove duplicates from 54 (284)
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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ADA

:   American Diabetes Association

AE

:   adverse event

BG

:   blood glucose

BID

:   bis in die (twice daily)

DCE

:   discrete-choice experiment

EASD

:   European Association for the Study of Diabetes

GI

:   gastrointestinal

RA

:   receptor ago-nist

ISPOR

:   International Society for Pharmacoeconomics and Outcomes Research

MUP

:   multiuse pen

NICE

:   National Institute of Health and Care Excellence

NR

:   not reported

PREFS

:   Purpose, Respondents, Explanation, Findings, Significance

QD

:   quaque die (once daily)

QW

:   once weekly

RI

:   relative importance

SBP

:   systolic blood pressure

SUP

:   single-use pen

T2DM

:   type 2 diabetes mellitus

TTO

:   time trade-off

WTP

:   willingness to pay

![Flow diagram of study selection.\
**Notes:** ^a^One congress abstract identified in the main bibliographic database search and one from the hand-search. ^b^Study sponsors: Lilly, n=5; Novo Nordisk, n=2; AstraZeneca, n=2; AstraZeneca/Bristol-Myers Squibb, n=1.\
**Abbreviations:** CENTRAL, Cochrane Controlled Register of Trials; HTA, Health Technology Assessment; NHS EED, National Health Service Economic Evaluation Database.](ppa-13-561Fig1){#f1-ppa-13-561}

![Frequency of individual treatment-attribute evaluation across ten patient-preference studies identified by literature review.\
**Notes:** ^a^Variously across studies: MUP, SUP, vial and syringe, or autoinjector. ^b^Injection preparation associated with vial and syringe, SUP, MUP, and autoinjector (Qin et al).^15,23\ c^In one study, nausea was described as "frequency of GI AEs," but described by levels of nausea incidence only (Poon et al).^17\ d^Common AEs are a combination of nausea, vomiting, diarrhea, and injection-site nodules (Qin et al).[@b15-ppa-13-561],[@b23-ppa-13-561]\
**Abbreviations:** AE, adverse event; BG, blood glucose; GI, gastrointestinal; HbA~lc~, glycated hemoglobin; MUP, multiuse pen; SBP, systolic blood pressure; SUP, single-use pen.](ppa-13-561Fig2){#f2-ppa-13-561}

![Preference for hypothetical GLP1 RA drug profiles determined in DCEs among patients with T2DM. (**A**) Preferences for a dulaglutide QW versus liraglutide QD profile among injectable-naive patients; (**B**) preferences for a exenatide QW versus liraglutide QD profile among injectable-naive or injectable-experienced patients; (**C**) preferences for a exenatide BID versus liraglutide QD profile in injectable and naive patients.\
**Notes:** In Qin et al (**B**),[@b15-ppa-13-561],[@b23-ppa-13-561] patients were asked to assume that hypothetical profiles had equal efficacy. Even when liraglutide QD was assumed to have superior efficacy to exenatide QW, the exenatide profile was preferred (70.4% versus 29.6% in injection-naïve and 68.2% versus 31.8% in injection-experienced). In Hauber et al (**B**),[@b20-ppa-13-561] efficacy of hypothetical profiles was held to be equal. There was an even split in preference for exenatide QW vial and syringe versus SUP in exenatide QW users (34.2% versus 35.4%), but injection-naïve patients preferred the SUP over vial and syringe (46.3% versus 39.4%). ^†^*P*\<0.001; ^‡^*P*\<0.0001.\
**Abbreviations:** BID, bis in die (twice daily); DCEs, discrete-choice experiments; QD, quaque die (once daily); QW, once weekly; RA, receptor agonist; SUP, single-use pen; T2DM, type 2 diabetes mellitus.](ppa-13-561Fig3){#f3-ppa-13-561}

###### 

Summary of studies comparing different GLP1 RAs included in the review

                                   Country                             n       Population characteristics                                                              Participant recruitment                                                                                      Preference evaluation   Survey administration                                                          Comparators
  -------------------------------- ----------------------------------- ------- --------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------ ----------------------- ------------------------------------------------------------------------------ -------------------------------
  Gelhorn et al[@b18-ppa-13-561]   UK                                  243     T2DM, injection-naïve, mean age 60.5±10.9 years, 76.1% male                             Newspaper/internet/classified advertisements                                                                 DCE                     Administration by trained moderator of patient self-completed questionnaires   Dulaglutide QW Liraglutide QD
  Gelhorn et al[@b19-ppa-13-561]   Japan                               182     T2DM, injection-naïve, mean age 58.9±10.0 years, 64.3% male                             Advertisement on closed online clinical volunteer database                                                   DCE                     Administration by trained moderator of patient self-completed questionnaires   Dulaglutide QW Liraglutide QD
  Hauber et al[@b20-ppa-13-561]    USA                                 643     T2DM, injection-experienced and injection-naïve, mean age 52.7±15.0 years, 57.1% male   Existing T2DM ailment panel                                                                                  DCE                     Online self-administered survey                                                Liraglutide QD Exenatide QW
  Jendle et al[@b24-ppa-13-561]    Sweden                              461     T2DM, age/sex NR                                                                        Existing email panel                                                                                         WTP                     Online self-administered survey                                                Liraglutide QD Exenatide BID
  Matza et al[@b12-ppa-13-561]     UK                                  209     T2DM, injection-experienced and injection-naïve, mean age 60.4±8.9 years, 57.4% male    Newspaper/online advertisements, fliers near interview sites, patient advocacy group newsletters             TTO                     One-to-one interviews                                                          QW GLP1 RA injections
  Matza et al[@b21-ppa-13-561]     Italy                               238     T2DM, injection-experienced and injection-naïve, mean age 60.2±9.3 years, 58.8% male    Database of previous study volunteers                                                                        TTO                     One-to-one interviews                                                          QW GLP1 RA injections
  Polster et al[@b22-ppa-13-561]   USA                                 382     T2DM, injection-experienced and injection-naïve, mean age 53.0±8.75 years, 48.0% male   Online web panel                                                                                             TTO DCE                 Online self-administered survey                                                Liraglutide QD Exenatide BID
  Qin et al[@b15-ppa-13-561]       Brazil, China, Germany, Japan, UK   1,482   T2DM, injection-naïve, mean age 56.0±11.4 years, 68.0% male                             Patient databases, referrals from clinicians and patient associations, targeted publication advertisements   DCE                     Online self-administered survey                                                Liraglutide QD Exenatide QW
  Qin et al[@b23-ppa-13-561]       Germany, UK                         510     T2DM, injection-experienced, mean age 57.0±11.0 years, 51.4% male                       Patient databases, referrals from clinicians and patient associations, targeted publication advertisements   DCE                     Online self-administered survey                                                Liraglutide QD Exenatide QW

**Abbreviations:** BID, bis in die (twice daily); DCE, discrete-choice experiment; NR, not reported; QD, quaque die (once daily); QW, once weekly; RAs, receptor agonists; T2DM, type 2 diabetes mellitus; TTO, time trade-off; WTP, willingness to pay.

###### 

Summary of studies comparing GLP1 RAs and insulin glargine included in the review

                                  Country   n     Population characteristics                                     Participant recruitment            Preference evaluation   Survey administration                                                          Comparators
  ------------------------------- --------- ----- -------------------------------------------------------------- ---------------------------------- ----------------------- ------------------------------------------------------------------------------ ---------------------------------------------------
  Jendle et al[@b24-ppa-13-561]   Sweden    461   T2DM, age/sex NR                                               Existing email panel               WTP                     Online self-administered survey                                                Liraglutide QD Insulin glargine
  Poon et al[@b17-ppa-13-561]     UK        232   T2DM, injectable-naïve, mean age 61.8±10.8 years, 74.1% male   Newspaper/magazine advertisement   DCE                     Administration by trained moderator of patient self-completed questionnaires   Dulaglutide QW Insulin glargine (Lantus SoloStar)

**Abbreviations:** DCE, discrete-choice experiment; NR, not reported; QD, quaque die (once daily); QW, once weekly; RAs, receptor agonists; T2DM, type 2 diabetes mellitus; WTP, willingness to pay.

###### 

Key results from DCEs evaluating preference for profiles of different GLP1 RAs in patients with T2DM

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                   Injection experience               Key results
  -------------------------------- ---------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Gelhorn et al[@b18-ppa-13-561]   Injection-naïve                    Most important attributes: dose frequency (RI 41.6%) and type of delivery system (35.5%); others of minor importance (frequency of nausea 10.4%, weight change 5.9%, HbA~lc~ change 3.6%, frequency of hypoglycemia 3.0%)

  Gelhorn et al[@b19-ppa-13-561]   Injection-naïve                    Most important attributes: dose frequency (RI 44.1%) and type of delivery system (26.3%); others of minor importance (frequency of nausea 15.1%, frequency of hypoglycemia 7.4%, weight change 6.2%, HbA~lc~ change 1.0%)

  Hauber et al[@b20-ppa-13-561]    Injection-experienced and -naïve   Better device attributes preferred to worse attributes in all groups[a](#tfn3-ppa-13-561){ref-type="table-fn"}\
                                                                      Change from QW to QD most important attribute in all groups; switching from longer/thicker to shorter/thinner needle and elimination of injection-site nodules also important predictors of choice All process attributes less important to patients when dosing was less frequent (ie, QW versus QD)

  Jendle et al[@b24-ppa-13-561]    NR                                 WTP for liraglutide (1.2 mg/day) versus exenatide (20 μg): change in HbA~lc~ at 26 weeks €0.27/day, change in SBP at 26 weeks €0.20/day, change in body weight at 26 weeks −€0.46/day, minor hypoglycemia event rate €0.07/day, administration (frequency and mealtime dosing) €1.04/day, BG tests €0.00/day, frequency of nausea €0.08/day\
                                                                      Overall, patients were prepared to pay an extra €0.81/day for liraglutide QD compared with exenatide BID

  Polster et al[@b22-ppa-13-561]   Injection-experienced and -naïve   HbA~lc~ change and frequency of nausea most important attributes (RI 39% and 30%, respectively); frequency of hypoglycemia and dose schedule less important (17% and 14%, respectively)[b](#tfn4-ppa-13-561){ref-type="table-fn"}

  Qin et al[@b15-ppa-13-561]       Injection-naïve                    AEs, HbA~lc~ change, and dose frequency most important attributes (ORs 2.14, 1.85, and 1.63, respectively; all *P*\<0.05); less important were evidence of long-term efficacy/safety, need for titration, required preparation, type of device, and needle size (ORs 1.30, 1.12, 1.09, 1.04, and 1.03, respectively; all *P*\<0.05)\
                                                                      64.2%, 31.1%, and 4.7% stated that QW, QD, and BID injectable regimens were easiest to follow

  Qin et al[@b23-ppa-13-561]       Injection-experienced              AEs, HbA~lc~ change, dose frequency, required preparation, and evidence of long-term efficacy/safety were most important attributes (ORs 2.67, 2.58, 2.26; 1.71, and 1.13, respectively; all *P*≤0.01); type of device, needle size, and need for titration not significant predictors of preference\
                                                                      HbA~lc~ change (1.5-point improvement) was the most valued attribute in German patients (Germany versus UK OR 3.27 versus 2.00), while AE profile most valued in UK patients (Germany versus UK OR 2.91 versus 2.50)\
                                                                      72.0%, 27.1%, and 1.0% stated that QW, QD, and BID injectable regimens were easiest to follow
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

With exception of need for storage in a refrigerator, which was unexpectedly preferred by current liraglutide QD and insulin users;

dose schedule included frequency and timing (QD without regard to mealtimes versus QW during the hour prior to main meal).

**Abbreviations:** AE, adverse event; BG, blood glucose; BID, bis in die (twice daily); DCEs, discrete-choice experiments; HbA~lc~, glycated hemoglobin; NR, not reported; QD, quaque die (once daily); QW, once weekly; RAs, receptor agonists; RI, relative importance; SBP, systolic blood pressure; T2DM, type 2 diabetes mellitus; WTP, willingness to pay.

###### 

Importance of attributes of GLP1 RA treatments determined in DCEs conducted in patients with T2DM

                                                                       Attribute importance                                                                                                                                                
  -------------------------------------------------------------------- ---------------------- -------------------------- ---------------- --------------------------- --------------------------- ----------------------- ---------------- -------------
  Gelhorn et al[@b18-ppa-13-561] (injectable-naïve)                    Dose frequency         Type of device             Nausea           Weight change               Change in HbA~lc~           Hypoglycemia                             
  Gelhorn et al[@b19-ppa-13-561] (injectable-naïve)                    Dose frequency         Type of device             Nausea           Hypoglycemia                Weight change               Change in HbA~lc~                        
  Hauber et al^20,a^                                                                                                                                                                                                                       
   Exenatide QW users                                                  Dose frequency         Injection-site reactions   Needle size      Type of device              Storage                                                              
   Liraglutide QD users                                                Dose frequency         Type of device             Needle size      Injection-site reaction     Storage                                                              
   Insulin-only users                                                  Dose frequency         Needle size                Type of device   Injection-site reaction     Storage                                                              
   Injectable-naïve                                                    Dose frequency         Needle size                Storage          Injection-site reaction     Type of device                                                       
  Polster et al[@b22-ppa-13-561] (injectable-experienced and -naïve)   Change in HbA~lc~      Nausea                     Hypoglycemia     Dose frequency                                                                                   
  Qin et al[@b15-ppa-13-561] (injectable-naïve)                        AE profile             Change in HbA~lc~          Dose frequency   Long-term efficacy/safety   Titration                   Injection preparation   Type of device   Needle size
  Qin et al[@b23-ppa-13-561] (injectable-experienced)                  AE profile             Change in HbA~lc~          Dose frequency   Injection preparation       Long-term efficacy/safety   Type of device          Needle size      Titration

**Notes:** For type of device, levels evaluated included SUP and MUP (Gelhorn et al);[@b18-ppa-13-561],[@b19-ppa-13-561] SUP, MUP, and vial and syringe (Hauber et al);[@b20-ppa-13-561] and SUP, MUP, vial and syringe, and autoinjector (Qin et al).[@b15-ppa-13-561],[@b23-ppa-13-561]

Importance rankings for QD dosing. Attributes were less important when dosing was QW, although ranking remained the same. Efficacy held constant in all DCE pairs.

**Abbreviations:** AE, adverse event; DCEs, discrete-choice experiments; HbA~lc~, glycated hemoglobin; MUP, multiuse pen; QD, quaque die (once daily); QW, once weekly; SUP, single-use pen; RAs, receptor agonists; T2DM, type 2 diabetes mellitus.

###### 

Health-utility scores for health states described by different attributes of injection-delivery systems for weekly GLP1 RA therapies in patients with T2DM in UK and Italian TTO evaluations

                                                         Mean utility (SD)[a](#tfn9-ppa-13-561){ref-type="table-fn"}   Mean disutility (SD)                                                      
  ------------------------------------------------------ ------------------------------------------------------------- ---------------------- ---------------- ---------------- ---------------- ----------------
  A: Oral treatment only                                 0.888 (0.120)                                                 0.900 (0.097)          --               --               --               --
  **Health states with oral and injectable treatment**                                                                                                                                           
  B: Reconstitution, waiting, needle handling            0.858 (0.165)                                                 0.868 (0.109)          −0.030 (0.073)   −0.032 (0.059)   −0.020 (0.042)   −0.022 (0.052)
  C: Reconstitution, waiting                             0.863 (0.161)                                                 0.872 (0.109)          −0.025 (0.066)   −0.027 (0.058)   −0.014 (0.032)   −0.018 (0.052)
  D: Reconstitution, needle handling                     0.868 (0.159)                                                 0.879 (0.102)          −0.020 (0.063)   −0.020 (0.040)   −0.010 (0.027)   −0.011 (0.030)
  E: Reconstitution                                      0.874 (0.157)                                                 0.884 (0.100)          −0.014 (0.058)   −0.015 (0.032)   −0.004 (0.016)   −0.006 (0.021)
  F: Needle handling                                     0.874 (0.156)                                                 0.884 (0.101)          −0.014 (0.058)   −0.016 (0.033)   −0.004 (0.015)   −0.006 (0.021)
  G: No inconveniences                                   0.878 (0.156)                                                 0.890 (0.100)          −0.010 (0.056)   −0.009 (0.025)   --               --

**Notes:**

TTO scores on a scale anchored by 0 = dead and 1 = full health.

**Abbreviations:** RA, receptor agonist; T2DM, type 2 diabetes mellitus; TTO, time trade-off.

###### 

Overview of key results from studies that compared preferences for treatment attributes of GLP1 RAs with insulin glargine

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                  Injection experience   Key results
  ------------------------------- ---------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **DCE with WTP**                                       

  Jendle et al[@b24-ppa-13-561]   NR                     WTP for liraglutide (1.2 mg/day) versus insulin glargine: change in HbA~lc~ at 26 weeks €0.04/day, change in SBP at 26 weeks €0.65/day, change in body weight at 26 weeks €2.35/day, minor hypoglycemia-event rate €0.03/day, administration (frequency and mealtime dosing) €0.00/day, BG tests €0.33/day, frequency of nausea −€0.04/day\
                                                         Overall, patients prepared to pay an extra €3.36/day for liraglutide QD compared with insulin glargine

  **DCE**                                                

  Poon et al[@b17-ppa-13-561]     Injection-naïve        RI of attributes in rank order: 1) type of delivery system (RI 19.8%); 2) frequency of GI AEs (18.2%); 3) dosing frequency (17.7%); 4) weight change (15.6%); 5) HbA~lc~ change (14.2%); 6) frequency of pancreatitis (12.3%); 7) frequency of hypoglycemia (2.2%)\
                                                         Patients preferred a medication profile administered by SUP, with fewer AEs, weight loss, and greater HbA~lc~ change
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** AEs, adverse events; BG, blood glucose; DCE, discrete-choice experiment; GI, gastrointestinal; HbA~lc~, glycated hemoglobin; NR, not reported; QD, quaque die (once daily); QW, once weekly; RAs, receptor agonists; RI, relative importance; SBP, systolic blood pressure; SUP, single-use pen; WTP, willingness to pay.
